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(57) Abstract : 

PROBLEM TO BE SOLVED: To obtain a laminated semiconductor ceramic device 
which is equipped with an Ni-containing inner electrode, coming into 
ohmic contact with a semiconductor ceramic layer, and is small in size, 
has a low resistance of 0. 1 Q or smaller at room temperature, and has 
sufficient resistance variation due to temperature change. 



SOLUTION: A plurality of ceramic green sheets on which inner electrode 
material containing Ni is printed, respectively, are laminated into a 
laminate, and the laminate is subjected to baking in an atmosphere, 
whose oxygen partial pressure is 1/106 or lower as low as an equilibrium 
oxygen partial pressure, under which metallic nickel is turned into 
nickel oxide. The substrate obtained by baking is subjected to oxidizing 
treatment again for the formation of outer electrodes. When the 
substrate is baked, the laminate is baked, being placed on a board whose 
void ratio is 0. 15 or larger. 
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CLAIMS 



[Claim (s)] 

[Claim 1] It is the manufacture approach of a laminating mold semi- 
conductor ceramic component of having the forward resistance temperature 
characteristic in which a semi-conductor ceramic layer and the internal 
electrode containing nickel contain the base by which the laminating was 
carried out by turns. After calcinating the layered product of a ceramic 
green sheet and the internal electrode ingredient layer containing 
nickel in reducing atmosphere, the process which forms said base by 
reoxidating is included. Said reducing atmosphere 1/106 of the balanced 
oxygen tension from which metal nickel turns into nickel oxide The 
manufacture approach of the laminating mold semi-conductor ceramic 
component characterized by being the ambient atmosphere made into the 
following oxygen tension. 

[Claim 2] The manufacture approach of a laminating mold semi-conductor 
ceramic component according to claim 1 that voidage is characterized by 
laying and calcinating said layered product on 0. 15 or more substrates 
in case said layered product is calcinated. 

[Claim 3] The laminating mold semi-conductor ceramic component which is 
a laminating mold semi-conductor ceramic component which has the forward 
resistance temperature characteristic in which a semi-conductor ceramic 
layer and the internal electrode containing nickel contain the base by 
which the laminating was carried out by turns, and was manufactured by 
the manufacture approach of a laminating mold semi-conductor ceramic 
component according to claim 1 or 2. 

[Claim 4] The laminating mold semi-conductor ceramic component according 
to claim 3 whose thickness of said semi-conductor ceramic layer after 
baking is 20 micrometers or less. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laminating mold 
semi-conductor ceramic component used as an object for the overcurrent 
protections of a circuit, and its manufacture approach especially about 
a laminating mold semi-conductor ceramic component and its manufacture 
approach, for example. 
[0002] 

[Description of the Prior Art] In ordinary temperature, if specific 
resistance is small and exceeds a certain temperature (Curie 
temperature), the barium titanate system semi-conductor ceramic has the 
forward resistance temperature characteristic (PTC property) that 
resistance goes up rapidly, and is conventionally used for applications, 
such as generation of heat, widely whenever [ temperature control, 
current control, and constant temperature ]. Especially, with the 
overcurrent-protection component used as an object for circuits, it is 
requested especially in the room temperature that low resistance is 
formed more, it being small and maintaining high pressure-proofing. 
Especially, in a personal computer or its peripheral device, it is small 
and low resistance and semi-conductor ceramic electronic parts of high 
pressure-proofing are desired. 

[0003] As a thing corresponding to such a request, the semi-conductor 
ceramic component of a laminating mold is proposed by JP, 57-60802, A. 
This semi-conductor ceramic component forms the external electrode 
connected to these internal electrodes including the base which carried 
out the laminating of the semi-conductor ceramic layer which uses barium 
titanate as a principal component, and the internal electrode which 
consists of a Pt-Pd alloy by turns. This base is produced by really 
calcinating, after carrying out the laminating of for example, a ceramic 
green sheet and the internal electrode ingredient. While being able to 
enlarge area of the internal electrode as the whole semi-conductor 
ceramic component by adopting such a laminated structure and being able 
to attain low resistance-ization in a room temperature, the 
miniaturization of the component itself can also be attained. 
[0004] However, with such a laminating mold semi-conductor ceramic 
component, since the Pt-Pd alloy is used as an ingredient of an internal 
electrode, when ohmic contact is hard to be acquired between an internal 
electrode and a semi-conductor ceramic layer and ohmic contact is not 
acquired, there is a problem that the resistance in a room temperature 



rises sharply. 

[0005] Then, in JP, 6-151103, A, the laminating mold ceramic component 
using a nickel system metal like nickel or nickel content alloy is 
proposed. Since the internal electrode which consists of such a nickel 
system metal shows a semi-conductor ceramic layer and good ohmic contact, 
it can prevent the rise of the resistance in a room temperature. 
[0006] 

[Problem (s) to be Solved by the Invention] However, in order that nickel 
system metal may oxidize if it calcinates in usual atmospheric air when 
nickel system metal is used as an internal electrode, baking is 
performed in reducing atmosphere. However, after calcinating in reducing 
atmosphere since the PTC property of a semi-conductor ceramic layer is 
not acquired if it calcinates in reducing atmosphere, there is the need 
which is extent which nickel system metal oxidizes and is not of 
performing reoxidation processing of a semi-conductor ceramic layer at 
low temperature comparatively. However, with the laminating mold semi- 
conductor ceramic component produced by such approach, there is a 
problem that the resistance change width of face by the temperature 
change will become small with less than double figures. 
[0007] Moreover, in the laminating mold semi-conductor ceramic component, 
resistance could be lowered so that thickness per layer of a semi- 
conductor ceramic layer was made thin, but when the thickness of a semi- 
conductor ceramic layer was set to 20 micrometers or less, it is effect 
of diffusion of nickel internal electrode, and it turned out that high 
resistance is formed conversely. Therefore, thickness of a semi- 
conductor ceramic layer could not be set to 20 micrometers or less, it 
was small and the resistance in a room temperature was not able to 
obtain the laminating mold semi-conductor ceramic component which has 
the low resistance value of 0. lohms or less. 

[0008] Furthermore, when calcinating many layered products, there is a 
problem that dispersion arises in a PTC property with a baking lot. 
Therefore, reducibility gas is put in from many inlets, or the cure 
which equalizes reducing atmosphere has been taken by making large 
spacing of the substrate which lays a layered product etc. However, 
these approaches are insufficient and, in addition, dispersion in a PTC 
property had arisen. 

[0009] So, it is small, and the resistance in a room temperature is low 
resistance of 0. lohms or less, and the main purposes of this invention 
are the laminating mold semi-conductor ceramic component which has value 
with the still more sufficient resistance change width of face by the 
temperature change, and offering that manufacture approach while ohmic 



contact is acquired between a semi-conductor ceramic layer and an 
internal electrode. Moreover, the purpose of this invention is offering 
the manufacture approach a laminating mold semi-conductor ceramic 
component with little property dispersion and such a laminating mold 
semi-conductor ceramic component being obtained so much. 
[0010] 

[Means for Solving the Problem] This invention is the manufacture 
approach of a laminating mold semi-conductor ceramic component of having 
the forward resistance temperature characteristic in which a semi- 
conductor ceramic layer and the internal electrode containing nickel 
contain the base by which the laminating was carried out by turns. After 
calcinating the layered product of a ceramic green sheet and the 
internal electrode ingredient layer containing nickel in reducing 
atmosphere, the process which forms a base by reoxidating is included. 
Reducing atmosphere 1/106 of the balanced oxygen tension from which 
metal nickel turns into nickel oxide It is the manufacture approach of 
the laminating mold semi-conductor ceramic component characterized by 
being the ambient atmosphere made into the following oxygen tension. In 
the manufacture approach of such a laminating mold semi-conductor 
ceramic component, in case a layered product is calcinated, it is 
desirable that voidage lays and calcinates a layered product on 0. 15 or 
more substrates. Moreover, this invention is a laminating mold semi- 
conductor ceramic component which has the forward resistance temperature 
characteristic in which a semi-conductor ceramic layer and the internal 
electrode containing nickel contain the base by which the laminating was 
carried out by turns, and is the laminating mold semi-conductor ceramic 
component manufactured by the manufacture approach of an above-mentioned 
laminating mold semi-conductor ceramic component. In such a laminating 
mold semi-conductor ceramic component, it is desirable that the 
thickness of the semi-conductor ceramic layer after baking is 20 
micrometers or less. 

[0011] By using nickel system metal as an ingredient of the internal 
electrode of a laminating mold semi-conductor ceramic component, ohmic 
contact can be acquired between an internal electrode and a semi- 
conductor ceramic layer. Moreover, 1/106 of the balanced oxygen tension 
from which metal nickel turns into nickel oxide in the ambient 
atmosphere conditions at the time of baking By considering as the 
ambient atmosphere with very strong reducibility of the following oxygen 
tension, it found out that the semi-conductor ceramic layer in which the 
resistance in the room temperature after reoxidation is 0. lohms or less, 
and the resistance change width of face of the semi-conductor ceramic 



layer by the temperature change has the very steep change width of face 
of 4.0 or more figures was obtained. Moreover, high resistance-ization 
can be prevented, even if it can prevent spreading nickel of an internal 
electrode material in a semi-conductor ceramic by adopting such a 
manufacture approach and makes thickness of a semi-conductor ceramic 
layer thin. Furthermore, when voidage used 0. 15 or more substrates, even 
if it could make the reducing atmosphere in a firing furnace into 
homogeneity and calcinated many bases at the time of baking of a base, 
it found out that property dispersion could be controlled sharply. 
[0012] The above-mentioned purpose of this invention, the other purposes, 
the description, and an advantage will become still clearer from 
detailed explanation of the gestalt of implementation of the following 
invention performed with reference to a drawing. 
[0013] 

[Embodiment of the Invention] Drawing 1 is the illustration Fig. showing 
an example of the laminating mold semi-conductor ceramic component of 
this invention. The laminating mold semi-conductor ceramic component 10 
contains a base 12. A base 12 carries out the laminating of the semi- 
conductor ceramic layer 14 and the internal electrode 16 by turns. What 
an internal electrode 16 adjoins is mutually pulled out by the side face 
of the opposite side of a base 12. And the external electrodes 18 and 20 
are formed in the side face of a base 12 in which the internal electrode 
16 was pulled out. Therefore, the adjoining internal electrode 16 is 
connected to the external electrodes 18 and 20 formed in the opposite 
side face of a base 12 by turns. 

[0014] The semi-conductor ceramic layer 14 is obtained by making for 
example, barium titanate system semi-conductor ceramic powder sinter. In 
this barium titanate system semi-conductor ceramic ingredient, if needed, 
a part of Ba may be permuted by calcium, Sr, Pb, etc. , and a part of Ti 
may be permuted by Sn, Zr, etc. Moreover, although the semi-conductor- 
ized agent contained in such a barium titanate system semi-conductor 
ceramic ingredient is called a donor element, as such a donor element, 
rare earth elements, such as La, Y, Sm, Ce, Dy, and Gd, and transition 
elements, such as Nb, Ta, Bi, Sb, and W, can be used for it. Furthermore, 
to such a barium titanate system semi-conductor ceramic ingredient, the 
need is accepted and it is Si02. Mn etc. may be added. In addition, 
although it limits special neither about Ba site / Ti site ratio of a 
barium titanate system semi-conductor ceramic ingredient, nor the 
porcelain particle size of a sintered compact, as for Ba site / Ti site 
ratio, it is desirable that it is 0. 990 or more and 1. 010 or less, and, 
as for porcelain particle size, it is desirable that it is 2 micrometers 



or less on an average. 

[0015] Moreover, as an electric conduction component contained in an 
internal electrode 16, although nickel system metal, Mo system metal, Cr 
system metals, or these alloys can be used, it is desirable to use 
especially nickel system metal from the point that positive ohmic 
contact can be acquired between the semi-conductor ceramic layers 14. On 
the other hand, as an electric conduction component contained in the 
external electrodes 18 and 20, although Ag, Pd, or these alloys can be 
used, compared with the case of an internal electrode 16, it is not 
limited so much about the class of the metal. 

[0016] In order to produce this laminating mold semi-conductor ceramic 
component 10, a layered product is obtained by printing an internal 
electrode ingredient on the ceramic green sheet formed with the semi- 
conductor ceramic ingredient, and carrying out two or more sheet 
laminating of this ceramic green sheet. This layered product is 
calcinated in reducing atmosphere, and a base 12 is formed by performing 
reoxidation processing into atmospheric air further. In addition, as 
reducing atmosphere at the time of baking, it is 1/106 of the balanced 
oxygen tension from which metal nickel turns into nickel oxide. The 
reducing atmosphere made into the following oxygen tension is used. And 
the external electrodes 18 and 20 are formed by applying an external 
material for electrode to the edge of the obtained base 12, and being 
burned on it. Thus, if the obtained laminating mold semi-conductor 
ceramic component 10 of the resistance in a room temperature is low and 
Curie temperature is exceeded, it will become the component which has a 
forward resistance temperature characteristic to which resistance rises 
rapidly. Therefore, this laminating mold semi-conductor ceramic 
component 10 can be used as a component for overcurrent protections of a 
circuit. 

[0017] 1/106 of the balanced oxygen tension from which metal nickel 
turns into nickel oxide in a layered product with this laminating mold 
semi-conductor ceramic component 10 By calcinating in the reducing 
atmosphere made into the following oxygen tension, and carrying out 
reoxidation processing, the resistance in a room temperature is low and, 
moreover, the resistance rate of change by the temperature change can 
consider as the component of 4.0 or more figures. Furthermore, even if 
it makes it a semi-conductor ceramic layer serve as thickness of 20 
micrometers or less by adopting such a manufacture approach, diffusion 
of nickel system metal can be prevented and high resistance-ization of 
the semi-conductor ceramic layer 14 can be prevented. Therefore, the 
small laminating mold semi-conductor ceramic component 10 can be 



obtained by low resistance. Moreover, by using nickel system metal as an 
internal electrode material, ohmic contact can be acquired between an 
internal electrode 16 and the semi-conductor ceramic layer 14, and the 
resistance in a room temperature can be made low. 

[0018] Furthermore, in case a base is calcinated, when voidage uses 0. 15 
or more substrates and lays and calcinates a layered product on this 
substrate, the reducing atmosphere around a layered product can be made 
into homogeneity. Therefore, even if it calcinates many layered products, 
all layered products can be calcinated in a uniform ambient atmosphere, 
and a laminating mold semi-conductor ceramic component with little 
property dispersion can be obtained. In addition, although the voidage 
of a substrate can acquire such effectiveness at the time or more of 

0. 15, since the mechanical strength of a substrate becomes weak, the 
upper limit of voidage becomes about 0.5. 

[0019] 

[Example] (Example 1) as a start raw material — BaC03, SrC03, and Ti02 
and a nitric-acid samarium solution — using — 

1. 004 (BaO. 938SrO. 06SmO. 002) Ti03 ** — weighing capacity was carried out 
so that it might become the presentation to say, and mixing by the ball 
mill was performed for 5 hours using pure water and the ball of PSZ5phi. 
Next, evaporation desiccation of this mixed liquor was carried out, and 
temporary quenching of the obtained mixed powder was carried out at the 
temperature of 1000-1200 degrees C for 2 hours. Pure water was added to 
this temporary-quenching powder, using the ball of PSZ5phi, grinding by 
the ball mill was performed for 5 to 30 hours, evaporation desiccation 
was carried out, and ground temporary-quenching powder was obtained. To 
this ground temporary-quenching powder, the organic solvent, the organic 
binder, the plasticizer, etc. were added, and it considered as the 
ceramic slurry. Using this ceramic slurry, it fabricated with the doctor 
blade method and the ceramic green sheet was obtained. 

[0020] And in order to form an internal electrode on the specific thing 
of a ceramic green sheet, the laminating of the ceramic green sheet 
which printed the conductive paste was carried out, and the laminating 
of the ceramic green sheet which is not printing the conductive paste up 
and down was carried out so that the conductive paste containing nickel 
might be screen-stenciled and structure as shown in drawing 1 might be 
acquired. The layered product which should turn into a base was obtained 
by pressurizing and cutting this. At this time, various the thickness 
and the numbers of laminatings of a ceramic green sheet were changed, 
and the layered product was produced. 

[0021] Hydrogen/nitrogen after carrying out debinder processing of the 



obtained layered product in atmospheric air = reduction baking was 
performed in the ambient atmosphere of 0. 3 / 100 - 3.3/100, and the 
sintered base was obtained. In addition, strong reducing atmosphere 
baking was performed in the ambient atmosphere of 100% of hydrogen for 
all of a sample support plate, internal insulation, etc. before baking 
of a sample. The oxygen tension at the time of baking of a layered 
product read the electromotive force of the zirconia oxygen sensor of a 
**** type attached from the tooth back of a furnace, and computed it 
based on it. Moreover, the balanced oxygen tension which becomes nickel 
oxide from the metal nickel at the time of baking of a layered product 
read the data of an ERINGAMU Fig. And reoxidation processing was 
performed at 600-1000 degrees C into atmospheric air about the base 
after reduction baking for 1 hour. The laminating mold semi-conductor 
ceramic component in which the external electrode was formed was 
obtained by applying an ohmic silver paste to the both ends of a base 
after it, and being burned in atmospheric air. The obtained laminating 
mold semi-conductor ceramic component was what has the die-length 
direction dimension of 3. 2mm, the crosswise dimension of 2. 5mm, and the 
thickness direction dimension of 1. 0mm in general. 

[0022] Thus, it asked for the resistance change width of face by the 
resistance and temperature change in a room temperature of each obtained 
laminating mold semi-conductor ceramic component. The resistance in a 
room temperature was calculated by measuring by 4 terminal method using 
a digital voltmeter. Moreover, the resistance change width of face 
(digit) by the temperature change **(ed) the maximum resistance which 
can be set by 250 degrees C from a room temperature with the minimum 
resistance, and computed it by asking for the common logarithm. And 
these evaluation results were shown in Table 1. In addition, in Table 1, 
it is shown that this invention of the sample number which attached * 
mark is out of range. 
[0023] 
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[0024] The oxygen tension at the time of baking to the balanced oxygen 
tension from which the thickness of the semi-conductor ceramic layer per 
layer is 20 micrometers or less, and metal nickel turns into nickel 
oxide so that sample numbers 1, 2, 4, and 5 may show is 1/106. With the 
laminating mold semi-conductor ceramic component which is the following, 
the resistance in a room temperature is 0. lohms or less, and the 
property of 4.0 or more figures is acquired for the resistance change 
width of face by the temperature change. 

[0025] It sets [ the resistance in a room temperature increases and ] to 

0. lohms or more and is not desirable if the thickness of the semi- 
conductor ceramic layer per layer exceeds 20 micrometers like sample 
numbers 7 and 8 to it. Moreover, the oxygen tension at the time of 
baking to the balanced oxygen tension from which metal nickel turns into 
nickel oxide is 1/106 like sample numbers 3 and 6. While the resistance 
in a room temperature will rise extremely when the thickness of the 
semi-conductor ceramic layer per layer is 20 micrometers or less if it 
becomes large, the resistance change width of face by the temperature 
change falls sharply and is not desirable. 

[0026] (Example 2) Two or more layered products were produced by the 
same approach as an example 1 using the same raw material as an example 

1. It was made for all of the thickness and the number of laminatings of 
a ceramic green sheet to become the same about these layered products. 
And as shown in drawing 2 , the obtained layered product 30 was put on 



the substrate 32 made from a ceramic, and was calcinated. It was made 
for a substrate 32 to serve as predetermined voidage by changing the 
amount and burning temperature of the binder which uses a zirconium 
dioxide as a raw material and is mixed. 

[0027] In order to obtain a substrate 32, the zirconium dioxide mixed 
with the binder was put into metal mold, and it pressurized with the 
press machine. The acquired Plastic solid was calcinated at 1300 degrees 
C - 1500 degrees C after the debinder in atmospheric air for 2 hours, 
and the substrate 32 was obtained. The magnitude of a substrate 32 is 
2. 0mm in 50mm of every direction, and thickness. 

[0028] Five layered products 30 were carried near the center on one 
substrate 32, and five steps were piled up as a distance of 2mm between 
substrates 32 using the spacer 34. This was put on the rotary table 38 
in a firing furnace 36, and baking of a layered product 30 was performed 
at 1200 degrees C into the reducing atmosphere of hydrogen / nitrogen 
=3/100 for 2 hours. 1/106 of the balanced oxygen tension from which, as 
for the oxygen tension at this time, metal nickel turns into nickel 
oxide it is . And reoxidation processing was carried out like the 
example 1, the external electrode was formed, and the laminating mold 
semi-conductor ceramic component was obtained. The magnitude of the 
obtained laminating mold semi-conductor ceramic component has the die- 
length dimension of 3. 2mm, the crosswise dimension of 2. 5mm, and the 
thickness direction dimension of 1.0mm in general like an example 1. 
[0029] Only the voidage of the substrate which carries a layered product 
was changed for every baking lot, and the laminating mold semi-conductor 
ceramic component was obtained as the same conditions about others. 
About these laminating mold semi-conductor ceramic components, the 
resistance and resistance change width of face in a room temperature 
were measured like the example 1. And about the laminating mold semi- 
conductor ceramic component using the substrate which has the same 
voidage, the resistance and resistance change width of face in a room 
temperature were measured, it asked for the average and standard 
deviation, and the result was shown in Table 2. 

[0030] In Table 2, the voidage of a substrate asked for the volume from 
the dimension of a sintered compact after substrate baking, considered 
as true weight, having applied [ of the zirconium dioxide ] it to this, 
and lengthened and calculated from 1 the value which **(ed) weight of an 
actual sintered compact substrate with true weight. Moreover, in Table 2, 
it is shown that this invention of the sample number which attached * 
mark is out of range. 
[0031] 
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[0032] As shown in sample numbers 1-4, when the voidage of a substrate 
is 0. 15 or more, resistance and resistance change width of face are 
known by that dispersion is small. As shown in a sample number 5 to it, 
dispersion in resistance and resistance change width of face is large in 
the voidage of a substrate being less than 0. 15. The reducibility gas at 
the time of baking is supplied also to the rear face of a layered 
product through the opening of a substrate, and this is considered to be 
because for circulation of sufficient reducibility gas to be performed. 
[0033] 

[Effect of the Invention] According to this invention, the resistance in 
a room temperature is as low as 0. lohms or less, and the resistance 
change width of face by the temperature change has sufficient resistance 
change width of face of 4.0 or more figures, and can obtain a small 
laminating mold semi-conductor ceramic component suitable as an 
overcurrent-protection component of a circuit. Moreover, in case a 
layered product is calcinated, a laminating mold semi-conductor ceramic 
component with little property dispersion can be obtained by making or 
more into 0. 15 voidage of the substrate which carries a layered product. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the illustration Fig. showing an example of the 
laminating mold semi-conductor ceramic component of this invention. 
[Drawing 2] It is the illustration Fig. showing the inside of the firing 
furnace of the layered product in an example 2. 
[Description of Notations] 

10 Laminating Mold Semi-conductor Ceramic Component 
12 Base 

14 Semi-conductor Ceramic Layer 

16 Internal Electrode 

18 20 External electrode 

30 Layered Product 

32 Substrate 

34 Spacer 

36 Firing Furnace 

38 Rotary Table 
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[Drawing 1] 
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[Drawing 2] 
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t mmm«B5 i - 6 o s o 2^mu±^ mmm^ 

-tr5>5 -y^JIi:. P t - P d-£~^£>&SF*lg|5mflB£: £r 



=t 3 5:8tJBflBSSr»ffl-r S £ b fc J: 0 . 5S7 

[0 0 04] L^L^^A,. £<A±3£WJBM¥3WMz: 
7 5 -y ?*T*H4, ft^flffi^WWi: UPt-Pd^ 
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5 «y ? *-? OSBStj&T* ft . <HOi; 5 * WJ1M^»#: 
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